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) SECTION 2
- . SUMMARY

Tho activities i the Bi@i@sﬁca} Smdies subtask of the Planstary Quaranting Study conslated
primarily of the following: '

a. The generation of a Blologlcal Burden Catalog (see Tables 3-8, $-4 and 3-5) from
a survay of current end completed studies. The calaleg deploted herveln displays
the biological kurdsn level for typlcal spacecrsfl materials and stvuctures as a
result of the bislcogleal contamination control imposed during production, '

In the preparaticn of the burden catalog, i bacame appavent that information,
although sparse, 18 available ca the bicloed of sproscraft and epocecrafl kardwere.
From this pformetim, cantioss predictiens mey b2 weds 0 assess the g;mbame
ranges of numbers @ﬁ mﬁcm@mﬁﬁ gme present on oY im such havdwers, ’

b. Ths survaey, mﬁyﬁ%a% @g‘f’%&@@l&ﬁ@m ef @/se.&a @m&&i@ on the potontial 2@@%@.@1
affzsto of tho tey gﬂm@\mﬁy @wgrm ”ﬁm%;@ 'E‘Zz@ pm@ ul emﬁr@mﬁﬂm ﬁ'aﬁﬁ;@m
i a‘é@wmﬂ WOTes : L

1 mm ;‘i@ 2% mﬁl @im i) w@ gpnon end plane uﬁrg enviren P"’@
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| SECTION 3
MITROBICLOGCAL HURDEN OF SPACECRAFT HARDWARE

g .

2.1 BACESROUND

The gurrent Planginry Quorantizs Stady &si& requives informetion with rogpest to the d@mi@y
or loval of misrobiciogisal @m%amim&.i@n thet mieht bs entlcipated en a gp cenraft ot the
termination of menufcture, The varietices in the biclegical burdsn as a vocult of the mi«
crabiclogical contominaticn controls wiich might ba Impoeed on slendard monnfpcluring

processes snd practises, es well as what might bs expected under normal conditions, have
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resemly boen the chisciive of %’%mil gtudles (References 45 through 54;2). Ths SuEVey gnd
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L " In oxdoy to provids o8 wueh informeticn ¢a Rolmrdon as i3 possible, ths daia availably

e from slndies w.?:ﬁ@h suployad the slerile meial sirip ascescment technioque in %ha varicis
&) clespes of controlied suvircament fosilities has besn summarized and is preseuted in

Part 01 of the catalog (Tabls 3-5). Although the primary intevest was placed on hardware
and siranlated havdware (fallout, handling, eis.), there is other data that may bs useful in
o avaluating the bioburden, These ncluds resulis from sanapling the alr, cw@mmg, rodac

E , plete, end gweb sampling of the clean room area itself and the teols.
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© The sf‘mﬁ;ﬁﬁ*y @g the h%ﬁh@ﬁ’dﬁm %o s:am}:al cﬁﬁ@mmamg factors has been digcugs@d by
AVCO (Refemac@ 50) end summerized in Table 3-3, Thase factora include:
ég “ i
8. Microbial fellout existing in alr-conditioned asrospace assembly and tsst facilities
7 a8 on the order of 30 to 50 orgmxiama per square inch per day,
) b. Mﬁcrwrgmzi@m {under nomutriﬁ:ive cemditicea) tend to dia off n componema. A
a Examples of diz-off rates ave as follows: ~
- 1percent per day e .

20 pereent per menth
9@ perceat per year

e, @@V&mm%’*@a frctors eonsist of fallout ca erauﬁﬁ in a normal ﬁacﬁity (32 to 123 ‘
cxgpnioms por equare eh per doy) and in a bicslesn facility (0. 32 fo 1.28 organisms
= por squars inch poy day). Hendlog of companent pavte and metorials in a normal .
aa@?’*“‘gr mighd ba ehovt 1200 erpanioms per gouove noh of contret eurfece, Ima

N st § “«"’Elﬁj it zadeht ba of ‘6; 19 ory ;szfif:m@ por conare oh of contast gur-
= fooe, An aluah i ennaetrell 5”:;’3%* @”{ ?:’:i:m‘:m 1 aﬁj i@ might eﬁ?..m%g dg- -
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- - BECTION 4

Y _ :
.7 BFFECTS OF INTERPLANETARY ENVIRONMENTAL FACTORS ON THE VIABILITY OF
MICROORGANISMS

4.1 BACKGROUND
The flight t%wough 8pace hoo s@veml conditions which can effect the visbility of micro-
organisms: vecuum, desicontion, radiation, temporsture, snd long time povieds. For

accurate determination of their combinatorial eﬁects, the conditions of outer gpace should
bo stmulated, as a whole, or actually used for studies. Unfortunaisly, this has not hsen
done, and the kill estimations must bo based vpon studies wiﬁh, at mosgt, only two factors

. gonsidared conourrently.
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hody, A sopowela eanlycis of the effnct of thozo temporstures wpon freo particles (spoves

or spoves aitashed to portiovialien) is bolng performed elsewhers in the Plonstary Quaraniine
Sludy ot Gonovel Blestrie, | | |

Am thor phoss of the flight in which temparature could play an impar%am role regarding the

potential kiliing effoct on viable miorobial spores is the effect of rocket motor temperatures
on eny contasainent in ths molor or propallant, That espast of ‘i;@is current Planstary
Quarentine Study progrem, covering some practical tests balag meds to detarmine such
cffscts, will bs ropoxted es@pm&éa!y. |

4.8.3 1O TEMEERATURE
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rhoniug pate ¢ & xyre gﬁm ia applicabls for é.il organisms end substrates, (Referonse 2)
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Thus, tha lns stivation @n@fgy for dry hoat, B e ey ks &@‘@gmﬁm@d by

B
: 1 R x ‘
. = = Ag . )
where :
R = gas constant \
A = ponstent referved {0 a3 frequency factor ’
v ' . 0., . :
T = temparature ( K) - .
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4,4,8 BIOLOGICAL EFFECTS OF RADIATION

Tho eflzels of zndlnticn ‘depends upon tha number of organioms irvadiated and on the do@aga
lovol, Tho doco m@im%ﬁy eheorhed by orgrnioms, and nob the dnsldont dogo, determines

the fraction kiled, Thus, tho chemicol ressptor for thh vedintion m@ﬂ% havo tho @am@
abeorption spectium 23 &halph@mehémﬁcm event. For ultraviolet radiation, the wavelength
primarily abosrbed by the g}yrimidme and gurine hasges of nucleic acids, end the tyrosine and
tfymoph&m &m&ao actds in @rei:eains, hus the gma@%& fnactivating eﬁﬁect {References 2 and
M) %ﬁa wavelemih in mogt cases, is a 2550 A, with the 2537. A wavelength radiation
bolng about 85 g;@msm o3 effsctive (3537 A wavalength mdﬁa.@ion hag been employed B

agmm% golely in eygwmeﬁtﬂ%n becense low-pressure mercury ia.mp@, which ave commerw

clelly available, produce th 8 meﬁ sagth). @%@f@:@@meg 4;% and 14.) S
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Cno tmpavinnt sepas 4 to congidor mia a;ﬁm@gﬁm ia that me potential offacts evaluaied

o this peport ave Se micrcorganioms in o vounuteltivo envivoument, Slogsl (R@ﬁfe&m@ 2)

hea polntod oub thet vorlous epecies of teereatrial micreovgonioms (bacterla and fungl)

have grown afier exposures up (o soven equivalent mertlen days (1, 0EMC =4.3% 108

@z*g»@mwgy. It is enpseoled that orgomiares, supplied with 2n adecuate source of mtrmvé

zmbé%’*“a@e:a, could Fops air and overcom? such exposures. The doges of Xmmya, gamma rays,

gnd ultraviclet mﬁ%&%ﬁm z'eﬁuiz'ed to kil various mieroorganioms are ﬁummamz@d i

Tobla 4-1, A4.4% 3.06 e‘z'ga/cm doge of uliraviclet rediation waa sufiiclent to kﬂl iga

211 the microorganioms tested. (Reference 8). A mean lethal dose for Mlcrogocon _
zediodurons, en excopilonally radic-vesistont bacterium, has hesa veporisd &zy Satlow and

Duagegon {Baoforence 39, 1864) to be 6000 srgn pav eqnove milllmeter (a& 2652 A} Horowita

et ol (Feferopzs 28, 136‘?} re}mrt that donhiing "this dose wounld %@@Evcﬂ the gurvival to.
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Table 4-1., Docos of Various Redintions on Varlous Misveorgenioms

® 9
ULTRAVIOLET: Erg/ om
Steri~-Tronlcs Euttolph - Hollaonder Phillips Satlow
100% Kill 95% Kill 80% Kill & Henel Duggen
{Referenea 12) {Refavence 4) (Reference 18) 160% MLo*
. . ’ (Roforenca 13) {Refozences 88)
Mold ~ Vegelative . 182600-1300000
Spore 116000-3300000
Bacteria - Vegetative )
Spore 57200~ 254000 16200 11300-197000 £8400 6000600
Virus 340004400000 27300-120000 480000 fop
Yeast 86000~ 176000 A radieduransg
*MLD = Mapa Lethal Dosa,
3 ®»
Z-RAT: vod to Kl 106%
Dunn, et al

vl - Veg,w&m

fReln ?m"e 8%
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Figurs 4-2 ehows the notuesl de-off daflosiion eocurring somewhere hatwesn 10 porcent and

i . i}
; ¢ 80 povesnt survivel. Thova is probably 14t o no minkmum Isthol doce doflestion fn ths
¥ ot -

geiid Ues pavt of the curve; but baceuno of thoso antagesiatic effects and lack of information,
é zny extrapcliation of the Ino to highsr thon 36, 8 porcont survival {(lsss then €3.2 povcent

kil in Tebls 4-2) weould ba highly spsculative.

42,4 SAMPLE CALCULATION OF RADIATION DOSE IN SPACE |
A simpls celealntion, showing e effzcts of ulivaviolst radiation in space may be performed

eg follows:

Brigd

. o 9 ' 3
8., Iatemsity of 2537 A wavslongth rediotion In gpace (Rofevence ) =2,084x 10 -
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death vate, adoseofl x 107 rod of &mizéz&g radiation will reduce the original microbial
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